The zebra®sh fkd6 gene is a marker for premigratory neural crest. In this study, we analyze later expression in putative glia of the peripheral nervous system. Prior to neural crest migration, fkd6 expression is downregulated in crest cells. Subsequently, expression appears initially in loose clusters of cells in positions corresponding to cranial ganglia. Double labelling with a neuronal marker shows that fkd6-expressing cells are not differentiated neurones and generally lie peripheral to neurones in ganglia. Later, expression appears associated with the posterior lateral line and other cranial nerves. For the posterior lateral line nerve, we show that fkd6-labeling extends caudally along this nerve in tight correlation with lateral line primordium migration and axon elongation. Expression in colourless mutant embryos is consistent with these cells being satellite glia and Schwann cells. q
Results
Genes encoding winged helix or fork head-domain (fkd) transcription factors have been identi®ed in fruit¯y, zebra®sh, mouse and frog (Weigel et al., 1989; Kaufmann and Knochel, 1996; Lef et al., 1996; Odenthal and NuessleinVolhard, 1998) . Zebra®sh fkd6 was identi®ed as a marker for premigratory neural crest,¯oorplate, somites and tailbud (Odenthal and Nuesslein-Volhard, 1998) . Here, we document fkd6 expression in putative glial cells of the peripheral nervous system (PNS).
Expression of fkd6 dorsal to the neural keel represents premigratory neural crest ( Fig. 1A ; Odenthal and Nuesslein-Volhard, 1998) , is restricted to cells that have segregated from the neural keel (Fig. 1B ) and overlaps perfectly (Fig. 1C,D) with another premigratory crest marker, snail-2 (Thisse et al., 1995) . This expression is downregulated prior to neural crest migration, but is seen in mesenchymal cells in the lateral head from around the 15-somite stage (Fig.  1A) . These cells become tightly clustered around forming cranial ganglia (Fig. 1E) , in the peripheral location expected for satellite glia (Fig. 1G) . Furthermore, fkd6-positive cells associated with the dorsal root ganglia seen in wholemounts and transverse sections (Fig. 1I ) may also be glia.
By 24 h post fertilization (hpf), fkd6-positive cells align along the lateral edge of the horizontal myoseptum of the ®rst ®ve somites. Subsequently, this line of fkd6-positive cells extends posteriorly along the myoseptum; at all stages examined, the posterior extent of fkd6-labelling correlates precisely with the posterior extent of lateral line primordium migration (Fig. 2 ). These cells' position strongly suggests that they are Schwann cells.
Two further lines of evidence consistent with our proposal that these fkd6-positive cells are glia are based on the observation that vertebrate PNS glia are neural crest derived (Le Douarin, 1982) . Thus, homozygous colourless mutant (cls 2/2 ) embryos, which have strong reductions in multiple crest-derived fates (Kelsh and Eisen, 2000) , show muchreduced numbers of fkd6-positive cells associated with the cranial ganglia and posterior lateral line nerve, although the cranial ganglial neurones and posterior lateral line nerve are unaffected (Figs. 1F, H and 2C, D) . Furthermore, in the course of vital dye-labelling of single neural crest cells, we have seen one clone that became aligned along the posterior lateral line nerve in a manner identical to these fkd6-positive cells (Dutton and Kelsh, data not shown), consistent with a neural crest origin for the fkd6-positive cells. fkd6 thus joins the list of transcription factors, previously including Krox20, pax3 and Sox10 (Topilko et al., 1994; Kioussi et al., 1995; Kuhlbrodt et al., 1998) , that may function in Schwann cell development. 
Materials and methods
Wild-type (strain AB; Johnson and Zon, 1999) and cls t3 or cls tw11 (Kelsh et al., 1996) embryos from the University of Oregon or University of Bath zebra®sh colonies were raised at 28.58C and staged according to Kimmel et al. (1995) . Homozygous cls -embryos were obtained by mating known heterozygotes.
fkd6 (GenBank accession number AF052249; Odenthal and Nuesslein-Volhard, 1998) RNA in situ hybridization was performed by the method of Thisse et al. (1993) , except probes were not hydrolyzed. Probes were labelled with digoxygenin or¯uorescein using the Genius RNA Labelling Kit (Boehringer Mannheim) and detected with the appropriate antibody. A blue precipitate was formed by incubating with 5-Bromo 4-Chloro 3-Indolyl Phosphate/Nitro Blue Tetrazolium.
Antibody staining with anti-Hu (mAb 16A11; Marusich et al., 1994) was performed using peroxidase-antiperoxidase (Sternberger Monoclonals, Inc).
Embryos for Fig. 2 were ®xed and processed for fkd6 labelling. Embryos were staged by examining the posterior lateral line primordium under an Eclipse E800 (Nikon) microscope with DIC optics. (H) or 48 hpf wild-type (I) embryos labelled with fkd6 (purple, arrowhead) and with pan-neuronal marker, anti-Hu (orange). drg, dorsal root ganglion; e, eye; g, cranial ganglion; nc, neural crest; nk, neural keel; ov, otic vesicle; pllg, posterior lateral line ganglion; sc, spinal cord. no tail mutant embryos. Development 119, 1203±1215. Thisse, C., Thisse, B., Postlethwait, J.H., 1995. Expression of snail2, a second member of the zebra®sh snail family, in cephalic mesendoderm and presumptive neural crest of wild-type and spadetail mutant embryos. Dev. Biol. 172, 86±99. Topilko, P., Schneider-Maunoury, S., Levi, G., 1994. Baron-Van Evercooren. A., Chennou®, A.B., Seitanidou, T., Babinet, C., Charnay, P., Krox-20 controls myelination in the peripheral nervous system. Nature 371, 796±799. Weigel, D., Jurgens, G., Kuttner, F., Seifert, E., Jackle, H., 1989. The homeotic gene fork head encodes a nuclear protein and is expressed in the terminal regions of the Drosophila embryo. Cell 57, 645±658.
